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sori-L  -tT  r  mxivt 

This  report  su  1  Iran  i  oar  re  wt  on  tricking.  It  n\f  b«  considered 
u  addend*  and  corr  ■  enda  t  the  datallad  ra  "tort  rub  lit  tad  in  July, 

Tha  pro s-nt  uaplerent  la  ccncemed  principally  with  tha  topiea  of 
nceelerational  following  and  oagniflcaticn.  Thara  ia  llao  praaa.itad  • 
revised  and  aora  complete  analysis  of  psychological  results, 

A.  leealar  tional  follow* Pr 

Tig  A  la  a  eehe*itic  circuit  dia  ra’  of  an  oxpcriaan'ia  1  tracking 
neehinis  *  whoa*  behavior  ia  laacri  ad  a  ro<lKitoly  by  the  opar  tional 
a  ju  it Ion 

where  x  la  the  oontrol  vol  i  ;a  coalrv  fron  a  control  po.ant iooetar  nnl> 
pul  .tad  by  tho  tr  icker  and  /  la  the  reaultlnr  tracking  volte  -a.  d(  v  , 
and  a  arm  the  direct,  velocity  end  accelerations!  truckin'  ccr  »  enta 
rea  actively.  To  be  aura,  thia  a  vnr 'tu  doe a  not  riuolieitc  the  oparatlina 
indicated  in  tha  equation  eactly.  .ctuilly,  aa  in  our  nrnvioua  experimental 
followers,  the  operators  are  noro  nearly  of  the  for' 
are  tha  coerat  ra  which  describe  tho  chirr  nr,  of  a  c  riienser  through  a 
eerie  a  ras later,  However,  by  naans  of  a  vacuum  tu  e  ar-iir  *«-T.ent,  it  la 
poaaible  to  *educa  the  nur.ier  t>  (tha  reciprocal  «f  t  a  tlse  e  natant  of 
a  rtiislmea^:  avut  c«  ala -ant)  to  sue*'  n  low  vilua  t  t  the  ssanlpulnt  one 
re  mired  of  the  tracker a  ara  nt  t  r.ut icabl>  diff  rent  from  wh  t  they  w  >uld 
be  with  tha  operatore  trletly  e^ual  tr ^  and  . 


3. 


The  basic  circuit  ele  #nt  by  which  the  long  t Ira  c  nstint  ia  achieved 
is  t  .e  ears  au  in  the  folio*  rs  5  and  6  deoc-lbsi  in  air  Teviou.a  reuort, 
and  ■'ny  he  o!;en  ty  referring  tc  pa,^  19  of  that  report.  The  operator 
la  achieved  by  e  lo.irv  tv»  jueh  iircaite  successively.  Is for ring  to 
Fig.  A,  the  circuit  containing  C^,  and  t'to  control  potentionetor, 
tog  thur  with  the  tube  constitute  a  Ion  time  constant  circuit,  ouch 
that  the  rate  of  ehvjge  of  ootnr.tial  difference  ncroea  la  nearly 

proportion  1  to  the  potential  difference  frva  the  ecrtrol  potentiometer. 

The  ele-rents  Aj,  ^2  ,re  r*Ta^.ed  tc  tubo  T ^  in  a  alcillar  wanner,  but 
the  voltage  that  here  control*  the  rate  of  chav*  °f  voltage  acroaa  0^  la 
proportional  to  the  voltage  butm.en  the  cathodes  of  in(j  t2  which  la  to 
a  hxgh  legr  e  of  a  cur  cy  a  linear  function  of  tho  potential  acroaa  Cp 
Tho  proportion  nay  be  adjusted  by  •naans  of  the  tapped  reeietor  ftA,  which 
thus  deteminea  the  acceler.tioml  component.  Y.am  since  tho  volt,*  go  acroaa 
is  given  by  Ok,  the  v  ?lt  go  across  C2  ia  whore  it  and  n  take  aeeount 
of  the  vario  a  pronortienlity  Tartars.  The  voltes  of  ti-<o  cathode  of 
is  a  linear  eccbir.atlon  of  t  ose  two  volte  ata,  nvsely 

( gO *, 

to  high  accuracy  because  ef  the  strong  degeneration  of  the  circuit.  Tho 
direct  component  d  ia  added  diroetly  to  this  fror  the  ta  -»d  resist  r  RD» 
Tho  vslocity  eonconent  is  thus  fixed  in  this  circuit,  and  ths  othsr 
two  -ay  bu  v  riod  suffleiently  to  give  ell  ttM  desired  axporinental 
ratios. 


The  re  singer  of  this  follow  r  is  -vuch  like  the  previo  a  followers 
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5  and  6*  It  need  only  be  mentioned  that  a  D.C.  amplifier  at  .^a  h  a  bean 
added  to  ircrease  the  cu ‘rent  variations  in  the  output* 

wile’  3^  la  to  facilitate  the  rceasurepsnt  of  course  aiolitude,  and 
S2  to  facilitate  gettlrvj  on,  by  bringin,  end  Cj  to  amproxLcntely  the 
ri/'ht  voltages  oicr.t  rlljr.  *hie  is  i  tiro  it  'ins  mvsnience* 


D*  t  yrumlcal  analysis  of  Aeeolemtiatal  Tracking 
Application  of  the  dynamic al  foratula 


£  =  KDLh  Ct)  (s«# 

page  ton  previous  report) 

(where  L  ie  the  follr«er  operator  and  «  is  the  target  motion)  tot  ha 
aeeeleratlon>velocitj^-dlrect  follower  gives 


K  d - — — -r-  (  *). 

0  t  v  D  ♦  d  D1 


Dy  appraxltaticn. 


£  =  K  D*U). 

A  comparison  of  this  formula  with  actual  trackln,  r-  suits  (as 
recorded  on  film)  for  the  sum  of  five  individual  runs,  followed  with  the 
taking  of  three  point  running  averages  twice,  ie  shewn  in  Fig* 

This  diagra  anl  the  one  presented  previously  for  velocity  trteklr.c 
give  striking  rriience  of  the  approximate  validity  of  the  hypothetical 
assumption  that  the  error  Is  the  greatest  when  the  subject  is  retired 
t  turn  the  central  the  fa  t  stj  i.e.,  anpro  .twiteiy 

e  -  K  x. 


where  x  is  the  control  coordinate 


C.  Acooloratlonal  Tricking  moults 

A  study  of  the  offoct  of  an  nccolorational  ton  in  tho  t  no  king  uvlee 
«as  nodo  In  the  -tanner  outlined  in  tho  previous  report*  fith  the  velocity 
coopcnent  hold  fixed,  tho  aceolerationnl  and  direct  components  nor.  varied* 
Tho  reeulto  of  t  eai  to  ts  are  shorn  in  Fit's.  C  ini  D*  In  the  dlagr/iaa 
the  abscissa  gives  the  direct  consonant  and  tho  ordinate  the  aecoler .tional 
cowp  nent.  Tlie  error  for  a  test  is  written  in  at  the  proper  place  for 
that  tost. 

Frua  the  diagrams  it  ir.ty  be  a>  ncluded  thati 
1*  The  ueo  of  an  accolor  tional  conponont  roduoeo  tho  errer  considerably. 

2.  Tho  stoat  advantageous  direct  casponont  (and  conee  juently  i  ratio)  is 

v 

fairly  independent  of  tlie  aoeelerntlonal  tern. 

The  advent ago  of  an  acoolorational  component  is  neat  readily  a  parent 
for  oposd  4.  la  thia  eeae  the  subject  haa  the  eonaatlon  of  tracking  a 
/such  slower  course  with  a  velocity  foUawer.  Zn  the  ease  of  apaad  3  we 
fool  that  the  maidual  "noise*  in  the  a  pnratua  (alight  volti-e  f  uetu/itiona, 
an  inperfect  oourse,  -nlcrophonio  tubee  etc.)  oba-uree  the  true  advantage 
of  aeooloration*  Furthermore,  the  aaeothneao  of  tre-king  with  acceleration, 
a/i  mentioned  prrvio  sly,  is  particularly  ln«»rt«nl  in  prediction* 

Zn  tho  laboratory  it  haa  bean  liffieult  to  get  on  the  target 
because  of  the  fact  that  tho  tracker  could  not  toll  where  he  was  relative 
in  the  target.  *«e  have  concluded  that  this  llffioulty  id.ll  not  occur  in 
tho  field  particularly  for  trackers  experienced  in  accelerations!  followers. 


D.  The  Vie  us*.  Froulon 

As  pointed  out  in  too  prrvio  •  report  tho  visual  equivalence  of  tho 
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liberator/  miniature  and  tra  ,olnp  ir  the  field  is  quaetionable.  In  order 
to  gain  sone  insight  Into  the  problem  in  the  laboratory  a  but*  r  of 
experiments  were  conducted  with  snail  field  (opera)  glasses.  Two  troupe 
of  subjects  on  s  ice#  lire  reeks  ran  the  sane  test  without  oners  glasses, 
with  glasses  of  a  1  end  with  glasses  of  n  1.  Vhe  average  results  «ere 


as  follows: 

Srror  error 

Speed  3  Speed  4 

without  glasses  .107  .2*3 

with  rlaeise 

2.5  x  .113  .226 

with  glasses 

.6  x  .15*  .310 


uitheut  gl  iesee  the  lingnificitlon  wan  30x.  The  results  show  that  an 

inereaae  in  m  -ni/ication  to  75x  with  opera  .leasee  is  not  helpful,  in 

the  other  hard,  a  reduction  of  naplfic’tion  to  12x  is  definitely  a  hindrance. 

Thin  au ’rente  a  threshold  for  optima  magnification  nor. inhere  between 

12x  end  30x  for  ordinary  aided,  laylrt'  with  £  m  .17  ate.  It  oay  be, 

v 

however,  that  the  Ulurimtlon  in  the  laboratory  wae  so  )o  that  when 
the  negative  slaea  a  were  used  inaufflelent  clarity  of  vinion  for  tone 
eubjeote  resulted}  rltho  g h  the"a  cessed  to  b  r  ry  little  coenlaint  of 
eyestrain  on  the  part  of  the  subjects. 

In  ordor  to  Investigate  the  irohle"  furthe-  t  o  group*  of  subjects 
ran  testa  es  follows*  one  group  tracked  at  a  distance  2,5  greater  fro*  the 
screen  then  norswl  and  the  other  tr,:e  ed  at  this  as  «  distance  (2.5  normal) 
and  eaployed  the  2.5x  opera  glasses.  The  results  were  as  fallows: 


10. 

•“rror 
bpeed  3 

Error 
utaad  4 

nonnl 

,12a 

.309 

at  a  distance 

2.5  rorr.nl 

.175 

.306 

at  a  dl  tare* 

2,5  nornal 
with  2.5*  rlnasee 

.145 

.310 

A  tent  inn  —  - 

.  ■«!««.•  «!«•  of  .«  Ml  «  •!"*  3  -  “  — 1  *•  T-,1“ 

...  .f  to.  .ooortl-  10  10-  8">  "-0  «r  *1'  ^  Th* 

itncriVnd  .«.rl».otM  colt,  coo  rcufOlf  0.  «M.lon  .»  to. 

foUcrtof.  tore.  to.  ton.  -*->•»  M-  '  ',I“r-1'•1  ’*“’1 

lint  ..let  »  errotor  tt.n  le  ot«tl«  r.,cl«U«.  .«’»  -fln.1  In  » 

MMr  of  .1.001  -colt,.  »  .XX*  notlcn  of  .or  .«f.rt-"t.l  ~»1« 

...»  t  oollcot.  t„t  ft,  cor  cr.tr  to«.  molotlon  foil.  t»t...n  a  «- 
,  ,.V.  .  .1.0.1  Ml.  for  ,rtln.r,  olf-l  lw««f  «■  ««*  3-  ”*Y*r' 

olf  .e«l  1.  «U  licit  1.  r.UM  to  l  W  fro-  1.5  t.  .  Ml.. 
tb.ic-1/  to.  unt  Of  1.0-ncM  ...notioo  one  •»  to.  «i— 1  »r  lM 

sour...  for  or  orient il  r..«lt.  «.  .-..l.rotlonol  follelor  .ool 
mint,  to.l  to.  .1.0.1  r..clutloo  1.  «tt.r  In  tnl,  .....  tom  «->< 
norm rcl  to  to,  .on  Ui.-r.yr  r.t.  -t  -1,0  oct.cn  n-.t  0.  t...n 

in  aeeeleratioril  folic^inc. 

*.  Pa/choio  lcjl  leeuite 

in  to.  prc.lco.  r.oort  It  ...  noticed  th.t  .  no,  -r  cf  or.Oclorlc.l 

t.  t.  tnr  .men.  —if  *“■  ""1  r°r,“:‘  °r  w’”“" 


* 


in  each  of  the  folio  in.?  testa!  strength  {referred  hi nJ ,  strength  non 
preferred  hand,  percent  difference  of  theas  atrangtn  iieh-.ure_er.ls; 
tipping  p"»f  rred,  neri  r.-c^trred,  in’  dif ference ;  dexterity  preferred, 
non  preferred,  end  difference;  stopping  preferred,  non  preferred,  liul 
difference;  tlaa  of  reaction  fr era  ,n  given  ei  jul)  clerical  tecta;  ind 
drivers  to  t.  Fron  this  group  of  fifteen  ta  ta  only  three  showed  anything 
but  trivial  correlot.cn  with  tne  axrcllor.se  nr  er  (si  -w  speed}  for  tha 
fount.,  wee*.  In  the  Jivviowa  report  it  ms  ststed  that  the  s’!  pie  wjb 
horoofe  .ecus.  Ihore  la  _n  it  iicution  thet  this  stntcrent  is  questionable 
as  socially  si  ce  our  •*:!  in.4  *cnen  o;>e~ 'tors  teas  to  give  different 
jwycholojical  reactions. 

-iaaults  <n  the  tecta  exhibiting  ecp.owhat  significant  correlations 

With  excellence  nuTtwru  are  as  follows  I 

Test  liens  corrolat^cei  4  ohm  I  err  slat  ion 

strength  prafarrad  hand  >.223  .01$ 

^difference  of  strength  .160  -.  09 

stopping  preferred  land  .44b  .016 

ut  of  the  tiirty  corrsluliuns  .sale  only  that  between  tho  valu-»  hj 

and  stepping  preferred  hana  for  jon  proved  highly  significant.  A  nultiplo 

correlation  <ao  computed  uit.i  the  excellence  nacxer  as  the  da  jande/.t 

vir-able  an  tfto  Oovu  antioneu  values  as  independent  far  ensii  of  the 

seta  of  values  for  nun  am  waxen.  I'or  the  teen  this  value  was  r,  ...  m 

.519*  an!  for  t  a  iris,  r,  «  .228.  For  the  boys  this  correlation 

i.x  *»♦ 

coefficient  gives  a  high  level  of  uignificftnce.  However,  the  valu 

for  the  girls  is  such  that  it  Might  be  secured  about  one  ti  as  in  three  due 


B2S 


Stl 


f  ' 


>  i 
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to  randon  sampling. 

<  ach  of  tho  operators  was  alao  tested  on  a  diroot  eehnniciil  follower. 
The  nhotornoks,  Firs.  s  and  V  theme  this  t<Mt..ng  apparatus  which  It  was 
hoped  wo. Id  glvo  high  correlation  with  the  result*  on  the  electrical 
followers.  It  is  essentially  a  si  ollfied  sehanioal  -o'll  follower, 

•ailoy in*  only  the  direct  c  ponent.  The  crank  A  maxes  one  revolution  in  . 
about  twe.ity  seconds  Silling  a  atria’  hack  ml  forth  with  a  proximate 
sinusoidal  otion.  Tha  tr  n*,  gcuc  around  a  pulley  aointed  n  tha 
oivoted  madia  R  and  thence  back  around  pulley  0  to  a  drua  r  on  s  shaft 
whih  tha  tracker  turns.  This  cnatitutea  a  si  pie  kind  of  differential 
by  wrvlch  the  difference  between  the  driving  notion  and  the  notion  nut  in 
by  tho  subject  appears  as  a  displacement  of  t  a  i.cedla.  Tha  •  iffarenca 
actually  ia  -nnified  about  six  tires  by  lover  notion. 

a  naasure  of  the  error  in  trying  tc  k«e>  the  needle  on  a  fixe  I  cantor 
lino  ia  obtai  cd  b,  an  electric  tinut’  device  wnich  records  the  tl-ae  tha 
needle  is  outside  cf  certain  bounds.  That  in,  alien  the  needle  roves  r.bout 
1/8"  to  left  or  right  of  the  center  lino  it  etnas  into  contact  with  cne 
of  the  long  soring*  £  an4  K,  closing  the  clock  circuit.  The  yanoral 
principle  in  t  >•  a*ae  as  th-at  of  tha  ar'or  co  nter  on  the  electric  tracking 
a  paratus. 

ru»ch  subject  was  riven  only  one  tist  with  this  rwchlne,  since  the 
purpose  was  nly  to  investigate  the  oossibility  of  correlation  between 
this  simple  nachine  and  the  ora  intricate  electric  il  rioviees,  not  to  plot 
new  leiming  curve.*,  etc.  After  about  three  uinutes  cf  oractlce,  each 
subject  took  five  aho~t  teats  in  ^ulck  aucceaaion,  sash  test  consisting  of 
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two  revolutions  of  the  drivin?  crank.  The  aver  »ges  of  the  readings  for 
tho  lest  throe  trials  wore  used  so  a  aoasure  of  the  individual's  ability) 
those  wsre  found  to  e  generally  consistent  within  about  10t(  whereas  the 
first  too  rcnd.nfts  were  considerably  poorer. 

The  scatter  diagra.  between  the  excellence  nar  era  and  these  secret 
is  shown  'n  Pig.  0.  The  eorrelaticn  turned  out  to  be  .54.  which  was  quite 
significant,  now ever,  it  wuuld  be  wloe  to  asrtion  the  faot  that  thie 
device  waa  tried  out  aoatly  on  old  operators  since  tine  did  not  nll*>  the 
training  of  a  rv  w  group,  ’hue  the  high  relationship  obtained  in  this  caae 
r«ay  in  part  be  the  result  of  their  previous  training. 
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psychological  results  is  also  included.  An  operational  equation  is  given  describing  approxi¬ 
mately  the  behavior  of  an  experimental  tracking  mechanism  of  which  the  circuit  diagram  is 
given.  It  was  concluded  that  the  use  of  an  accelerational  component  reduces  the  error  con¬ 
siderably.  Results  of  psychological  tests  given  show  that  out  of  a  group  of  fifteen  tests  given 
operators  only  three:  strength  preferred  hand,  per  cent  difference  of  strength  between  two 
hands,  and  the  stopping  of  the  preferred  hand,  showed  anything  but  trivial  correlation  with 
the  excellence  number  (slow  speed)  for  the  fourth  week. 
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